Abstract-Tissue engineering strategies have utilized a wide spectrum of synthetic and naturally-derived scaffold materials. Synthetic scaffolds are better defined and offer the ability to precisely and reproducibly control their properties, while naturally-derived scaffolds typically have inherent biological and structural properties that may facilitate tissue growth and remodeling. More recently, efforts to design optimized biomaterial scaffolds have blurred the line between these two approaches. Naturally-derived scaffolds can be engineered through the manipulation of intrinsic properties of the preexisting backbone (e.g., structural properties), as well as the addition of controllable functional components (e.g., biological properties). Chemical and physical processing techniques used to modify structural properties of synthetic scaffolds have been tailored and applied to naturally-derived materials. Such strategies include manipulation of mechanical properties, degradation, and porosity. Furthermore, biofunctional augmentation of natural scaffolds via incorporation of exogenous cells, proteins, peptides, or genes has been shown to enhance functional regeneration over endogenous response to the material itself. Moving forward, the regenerative mode of action of naturally-derived materials requires additional investigation. Elucidating such mechanisms will allow for the determination of critical design parameters to further enhance efficacy and capitalize on the full potential of naturally-derived scaffolds.
INTRODUCTION
Biomaterials are utilized in the field of tissue engineering and regenerative medicine as a temporary scaffold for migrating endogenous cells or as a delivery vehicle for exogenous cells and biological signals selected to promote tissue regeneration and restoration of function. Naturally-derived materials have been used in the body for centuries and for some applications continue to be more prevalent than their synthetic counterparts. 51 While synthetic scaffolds offer tremendous ability for bottom up design of structural and biological properties, the inherent functionality and translational potential of naturally-derived materials continues to make them a highly attractive option.
Natural scaffolds used in tissue engineering are derived from various sources, ranging from plant to mammalian. These materials are often extracted polymers consisting of proteins (e.g., collagen, gelatin, silk, and fibrin) or polysaccharides (e.g., chitosan, alginate, hyaluronan, and chondroitin sulphate). 80 However, some naturally-derived materials are sourced from a variety of extracellular matrices (ECMs) that have been gently processed in order to conserve desirable structural and biological properties. These native ECM materials (e.g., amniotic membrane) tend to exhibit high biocompatibility and, because the material mimics a physiological environment, are readily remodeled by cells in vivo following implantation. 33 Naturally-derived scaffold materials also include a high density of cell adhesion ligands and contain a milieu of growth factors that could aid in tissue regeneration. 4, 66, 102 Furthermore, minimally manipulated human tissues have an established history of clinical use and thus present a readily translatable strategy for tissue engineering.
Despite many advantages, naturally-derived scaffolds provide their own set of challenges. Natural materials are subject to considerable batch-to-batch variation and generally contain an ill-defined mixture of biological factors. 12, 62, 80 Consequently, traditional fabrication techniques fall short in controlling the properties as well as ensuring preserved bioactivity of these ''black box'' materials. 8, 45, 120 This complexity of scaffold composition also acts to obscure therapeutic mechanisms of action, further challenging therapeutic optimization efforts.
To exploit the favorable properties of both material types, researchers have increasingly employed natural/ synthetic polymer hybrids. One hybrid approach has focused on augmenting the bioactivity of synthetic scaffolds through the addition of natural elements to a synthetic backbone. 20, 77, 137 An alternative approach involves augmenting the properties of naturally-derived scaffolds using material engineering principles normally applied to synthetic materials (Fig. 1) . The following review highlights techniques used to modify the structural and biofunctional properties of naturally-derived materials for tissue engineering.
STRUCTURAL PROPERTIES
The structural properties of a material play a central role in its efficacy as a tissue engineering scaffold. The ability to tailor the properties of a scaffold to more closely match those of the native ECM can facilitate more complete integration of the biomaterial with surrounding tissue. A crucial balance exists among biomaterial microstructure, mechanical strength, and degradation rate, with each parameter affecting how the implant interacts with the recipient host. A variety of engineering techniques, many of which will be discussed here, have been developed to augment the structural properties of naturally-derived materials (Table 1) .
Microstructure
In the design of tissue engineering scaffolds, there are many microstructural properties to consider, including porosity, pore size, and anisotropy. Bulk porosity is of interest because it affects cellular infiltration into and remodeling of the biomaterial. Often, a tradeoff exists between mechanical properties and porosity, whereby enhanced mechanical integrity is associated with a less porous structure. In fact, many of these microstructure properties are interrelated, such that fine-tuning a single parameter independently (e.g., the size or orientation of scaffold pores) is challenging, if not unfeasible. Sphere-templating, a technique using sacrificial spheres to enable precision of FIGURE 1. Functional augmentation of naturally-derived scaffolds. The use of engineered natural matrices for tissue regeneration exploits favorable traits of both naturallyoccurring and synthetic materials. Strategies to control the structural and biofunctional properties of natural scaffolds serve to improve the characterization, tunability, and bioactive extent of these materials. synthetic scaffold porosity, may be a way to control porosity in naturally-derived materials as well. 82 The development of material composites can afford more control over microstructural parameters. For example, gelatin-hyaluronic acid (HA) composites have been prepared by freeze-drying and subsequent chemical crosslinking to provide tunable porosity, degradation rate, and compressive strength (Fig. 2a) . 135 For collagen-glycosaminoglycan (GAG) hybrid scaffolds comprising an anisotropic, porous core and a more dense outer shell, the tensile elastic modulus was augmented by increasing the thickness of the shell, without compromising porosity. 15 Another method of enhancing porosity involves high pressure CO 2 introduced during crosslinking, which has been used successfully with elastin hydrogels. 7 Paradoxically, for hybrid tropoelastin-elastin hydrogels, both porosity and mechanical properties were increased using this approach. 6 To gain superior control of microstructural features, researchers have modified electrospinning, a fabrication technique which transforms polymer solutions into nanofibrous scaffolds to allow for the processing of natural materials into interconnected fibers with physiologically relevant diameters. 38, 59 By varying parameters such as polymer concentration, voltages, air gap distances, delivery rates, and mandrel kinetics, scaffold properties including porosity, alignment, and fiber diameter can be tuned. 42 Electrospinning of structural ECM components, such as collagen, gelatin, elastin, and fibrinogen, allows for enhanced control over the microstructure of these natural polymers while maintaining their bioactivity, as demonstrated by cell attachment, spreading, and proliferation on these nanofibers (Fig. 2b) . 99 Preservation of natural enzyme activity following electrospinning is achievable as well. In fact, enzymes immobilized on electrospun fibers were found to maintain high enzymatic activities in both aqueous and organic media. 60 While electrospinning provides a method by which to extrude nano-sized fibers, it affords little control over the exact placement of these fibers. Other biofabrication techniques offer a high resolving power in positioning the deposition of natural polymers, allowing for standardization in the creation of these scaffolds. While some industrial microfabrication techniques involve caustic solvents that prevent the seeding of cells or growth factors during production, methods such as 3D printing or photolithography have been successfully adapted for natural scaffold formation. Bioprinting has been conducted using alginate, Matrigel, fibrin, collagen, and agarose, with resolutions ranging from millimeters down to placement of single cells. 130 Composite materials have also been used in bioprinting to fabricate a strong scaffold that encourages cellular attachment and proliferation. 
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Collagen-calcium phosphate composite solutions were inkjet printed to a shaped scaffold with controllable volumetric porosity for bone tissue engineering. 53 With various techniques of handling natural polymers with high resolution, the field has moved towards creating large scaffolds with complex microstructures that can better emulate native tissues and microenvironments structurally and functionally.
Mechanical Properties
It is well understood that a scaffold's mechanical properties play a primary role in its function, both structurally as well as biologically. At a cellular level, many naturally-derived materials are readily situated to participate in the transduction of mechanical stimuli due to adhesion ligands inherent in the protein backbone. At the tissue level, many biological materials exhibit increased stiffness when subjected to higher deformations. 114 However, especially for load-bearing scenarios, polymer hydrogels are limited by their inability to recapitulate this phenomenon and may not provide sufficient mechanical strength for the regeneration of certain tissues. Thus, when tuning the mechanical properties of naturally-derived scaffolds for improved biomaterial performance, both structural and biological implications must be considered.
Enhancing the mechanical properties of naturally-derived hydrogels is often achieved by altering the crosslinking density. However, in addition to biomaterial strength, the degree of material crosslinking also impacts cellular infiltration and release of bioactive molecules from the hydrogel. Furthermore, it has been demonstrated that the elastic modulus of the matrix influences cell-matrix interactions and subsequent stem cell lineage specificity. 32, 36 By varying the elastic modulus (via altered crosslinking density) of alginate hydrogels, researchers were able to modulate cellular uptake and expression of non-viral genetic material; interestingly, gene expression exponentially increased with increasing shear modulus for a variety of scaffold materials. 65 For HA polymer, material crosslinking was increased through the incorporation of synthetic functionalities, resulting in hydrogels of improved mechanical properties as well as growth factor retention. 13, 14, 43, 71 Despite the utility of crosslinking for enhancing mechanical properties, some methods of crosslinking involve harsh reagents such as gluteraldehyde and carbodiimides, which can compromise the bioactivity of associated growth factors and cells. 27 Valentin et al. observed that carbodiimide-crosslinked SIS scaffolds exhibited poor degradation and remodeling in vivo. 120 One example of a gentler crosslinking method uses non-covalent crosslinking of fibrillar collagen to form hydrogels. 122 Several techniques to manipulate the mechanical properties of naturally-derived scaffolds have been pioneered using collagen-based materials. Collagen type I is an enzymatically degradable protein abundant in the ECM as well as one of the most widely applied naturally-derived biomaterials for tissue regeneration. Fabrication techniques such as plastic compression have been employed to create dense collagen networks with improved mechanical strength. 85 Use of macromolecular crowding during collagen fiber assembly can produce hydrogels of a more uniform pore size, smaller fiber diameter, and increased elastic modulus. 28 Additionally, a variety of collagen composites allow further control over structural properties and have been used for tissue engineering of bone and bladder. 31, 81 Elastin, another native ECM protein, has been widely studied, particularly for engineering vascular tissues due to its high resilience and elasticity. Chemical crosslinking of natural elastin can increase the strength of resultant hydrogels. 70 Additionally, incorporation of elastin within collagen-based scaffolds can achieve mechanical properties greater than those of purely collagen materials. 19 In some cases, the addition of synthetic materials to natural scaffolds can allow for more control over structural properties. Demineralized bone matrix (DBM) has been explored for bone grafting, since its microstructure closely matches that of native bone. Although DBM is weakened during the demineralization process, several reports have shown that the inclusion of synthetic polymers with DBM resulted in increased construct mechanical integrity. 56, 69, 118 Blends of natural and synthetic polymers have also been electrospun to create a bioactive scaffold with enhanced mechanical properties. GAG/collagen electrospun materials were used to facilitate dermal regeneration. 136 The addition of hydroxyapatite to collagen nanofibers is shown to increase scaffold surface roughness, fiber diameter, and tensile strength, characteristics which may be advantageous for bone tissue engineering applications. 119 Fibrin, a well-characterized, pro-angiogenic protein that serves as the provisional ECM during the natural healing cascade, is another example for which a synthetic component was utilized to enhance the mechanical properties of a natural material. Commercial fibrin products traditionally require high fibrinogen and thrombin concentrations (at least an order of magnitude higher than physiologic levels) to achieve mechanical stability. However, these elevated concentrations lead to faster polymerization and a denser fibrin network, effectively limiting subsequent cell infiltration. 105 The native biology of fibrin polymerization, specifically fibrin knobs that have inherent binding affinity to fibrin holes, can be harnessed and modified to provide control over the resulting structural, mechanical, and degradation properties. In particular, augmentation of fibrin knobs with synthetic, polyethylene glycol-based functionalities led to altered polymerization characteristics, resulting in hydrogels of greater mechanical strength, slower enzymatic degradation, and enhanced porosity. 113 
Degradation Properties
Degradation, or breakdown of the scaffold in a biological environment, is an important structural parameter regulated by material qualities including microstructure, mechanics, and chemistry. Scaffold degradation concomitant with tissue formation is desirable for many tissue engineering applications. While the degradation products of naturally derived materials are often more favorable than those from synthetic materials, modulating the degradation rate of these scaffolds has been a challenge in the field of tissue engineering.
The primary mechanism of degradation of natural fibrous proteins is enzymatic. The rate of degradation is dependent upon the local enzyme concentration, so most protein-derived scaffolds are capable of degrading in physiological environments in a time frame appropriate for tissue healing. 121 Nonetheless, in some cases, providing more control over biomaterial degradation is beneficial. For example, the degradation of silk fibroin scaffolds was enhanced by altering processing method, protein concentration, and pore size. 63, 125 Additionally, crosslinking of materials (e.g., collagen or non-sulfated GAG/hyaluronan) that may degrade too quickly for certain applications can provide for a more optimal degradation profile while increasing the mechanical integrity of the scaffold. 44, 95 Overall, a balance among the structural parameters is crucial for optimal performance of the regenerative scaffold. Ceramics such as beta-tricalcium phosphate (b-TCP) are notorious for fast resorption, often at the expense of mechanical integrity. 98 However, by altering the particle size of the source powder, nanoscale b-TCP scaffolds demonstrated enhanced compressive strength compared to microscale b-TCP, while maintaining an appropriate degradation rate. 74 For enhancing the degradation of synthetic polymers, biomimetic, enzymatically cleavable sequences (e.g., those found in collagenase and plasmin) or entire enzymatically degradable natural polymers can be introduced. These components are incorporated into the crosslinking of polymeric scaffolds to enable or further cell-mediated degradation, effectively tuning the rate of scaffold breakdown with that of cell infiltration. 127 For example, the inclusion of naturally derived HA into PEG hydrogels promoted degradation of the hybrid biomaterial. 90 Natural polysaccharides such as chitosan and alginate possess advantages such as ease of gelling, biocompatibility, and low immunogenicity. However, for these and other plant-based biomaterials that are not enzymatically degradable, structural modifications are needed to accelerate degradation for regenerative medicine applications. The hydrolytic degradation of chitosan has been modulated by varying the degree of acetylation. 132 Similarly, alginate degradation is dependent on the often slow and passive dissociation of ionic crosslinks via hydrolysis. 109 However, modification of the polymer structure by techniques such as irradiation and oxidation can increase the degradation rate. Gamma-irradiation decreases the alginate polymer molecular weight and has been shown to accelerate alginate degradation, tissue infiltration, and regeneration of bone in vivo compared to unmodified alginate.
3, 112 Alternatively, oxidation of a small portion of the alginate polymer results in a more open structure and facilitates hydrolysis without compromising the biocompatibility or ability to form crosslinks. 9, 10 Enhanced degradation of oxidized alginate hydrogels compared to irradiated and unmodified alginate has been observed in vitro and more recently in a rat critically sized segmental bone defect model. 9, 10, 94, 110 The ability to tune alginate hydrogel mechanical properties and degradation rate by varying the degree of irradiation and/or oxidation is advantageous for designing effective biomaterials for tissue regeneration.
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BIOLOGICAL PROPERTIES
In addition to engineering the structural properties of naturally-derived scaffolds, efforts to control the biofunctional aspects of these materials have received significant attention. Physical and biochemical cues of the biomaterial work in concert to drive cell behaviors including motility, proliferation, differentiation, and growth factor secretion. 116 The tissue engineering scaffold aims to function as a regenerative niche, instructing recruited cell populations through the presentation of biological cues. Naturally-derived materials supply a beneficial environment for resident and recruited cells due to their inherent bioactivity. However, despite this intrinsic functionality, augmentation of natural scaffolds is often required in order to achieve tissue regeneration and restoration of function. 97 This section will highlight biofunctional approaches including the incorporation of genes, peptides, proteins, and cells within natural biomaterials.
Genes
Genetic strategies applied towards tissue engineering consist of polynucleotide material encoding for a protein of interest which is presented in vivo for uptake by endogenous cell populations. 126 Gene functionalization affords a more sustained and directed approach over that of protein delivery due to its greater stability in vivo and the ability to control protein expression through promoter and vector selection. Viral and nonviral genetic functionalization strategies have been applied to the regeneration of tissues ranging from musculoskeletal to the nervous system. 26, 76 Viral strategies are more generally efficient, yet harbor risks of immune response and uncontrolled placement of gene insertion into the host genome. 18 Non-viral approaches have a higher safety profile and lower cost, but suffer from poor efficiency. 39 Efforts to enhance the cellular uptake of nucleic acids from naturally-derived scaffolds include the use of amino acids and cationic polymers. 17, 30 Elangovan et al. observed enhanced bone regeneration upon loading a collagen scaffold with cationic polyethylenimine-plasmid DNA complexes encoding for platelet-derived growth factor (PDGF). 30 Strides have been taken to control the spatiotemporal delivery of genetic material from naturally-derived vehicles. 104, 134 Aims to better target genes to sites of interest have motivated the use of less conventional delivery systems and, consequently, the development of novel immobilization approaches. Ito et al. freeze-dried recombinant adeno-associated viral (rAAV) vectors encoding for receptor activator of nuclear factor jB ligand (RANKL) and vascular endothelial growth factor (VEGF) onto femoral allografts, effectively improving their vascularization and remodeling in vivo. 54 Informed by the role of heparan sulfate proteoglycans for cellular recognition of AAV serotype 2 (rAAV2), a heparinized coating was conjugated to small intestine submucosa (SIS) matrix to enable rAAV2 binding to this atypical gene delivery platform. 133 
Peptides
One the most common augmentation strategies for tissue engineering scaffolds is the incorporation of peptides. Despite the presence of biomolecules and growth factors inherent to many naturally-derived materials, there are several reasons to guide bioactivity via peptide modulation. Studies conducted using well defined surfaces in vitro have drawn attention to the impact of peptide density and sequence on a variety of cell responses including motility, proliferation, and differentiation. 79 Such experiments are often performed using synthetic scaffolds, but have strong implications for naturally-derived materials of nonmammalian background (e.g., polysaccharides) that are of low intrinsic biofunctionality when interacting within mammalian systems. 67 Peptides are primarily incorporated into naturally-derived scaffolds via chemical conjugation, a process facilitated by a variety of reactive groups present on the surface or within the bulk of these materials. 97 Incorporated sequences generally consist of functional domains identified from ECM proteins and growth factors. Arguably the most commonly leveraged peptide sequence in tissue engineering is ArgGly-Asp (RGD). RGD was first identified as a signaling domain within fibronectin, but is present in several ECM proteins and has been found to facilitate cell adhesion through its interaction with roughly half of currently known integrins. 46 Adhesion characteristics, including ligand topography and associated integrins, have the capacity to alter cell morphology and phenotype. 101 In efforts to fine-tune this interaction, strategies to reduce the availability of adhesive sites have also been implemented. 88 Peptides can be used to direct tissue regeneration through interaction with specific integrins and receptors that encourage the adhesion of particular cell types or elicit a change in cell behavior. As more is understood about the utility of these peptides, work to incorporate them into the material backbone, rather than attachment to a pre-existing backbone, has grown in popularity. This strategy, which employs the use of recombinant proteins, also serves to reduce the batchto-batch variability that results from using proteins derived from digested tissue. Elastin-, resilin-, and silkbased biomaterials have been created using this approach for fabricating a better defined, more potent scaffold. 111 Tejeda-Montes et al. modulated the bioactive peptide domain appended to pre-crosslinked elastin-based molecules to guide the behavior of stem cells adhered to the resulting elastin-like recombinamer membrane. 117 A final class of peptides worth noting are those that act via protein, rather than cellular, interaction. One such example is the use of heparin-binding domains (HBDs), a technique inspired by the interactions between ECM proteins and factors with the highly sulfated GAG heparin (Fig. 3) . Heparin resides in the native ECM where it's known to reversibly bind to a host of growth factors, particularly those that are positively charged including bone morphogenetic protein (BMP) and fibroblast growth factor (FGF). 23, 91, 96 In addition to growth factors, ECM proteins such as fibronectin, vitronectin, fibrinogen, laminin, and collagen also contain HBDs. Incorporation of HBDs within natural matrices has been shown to promote the regeneration of tissues including bone and myocardium. 23, 41 Using the consensus sequence of physiological HBDs, Rajangam et al. engineered a novel heparin-binding motif capable of self-assembly into nanofibers and promoting angiogenesis upon delivery in vivo. 24 
Proteins
Studies have highlighted advantages of whole protein and multi-domain peptide functionalization over the use of isolated peptide sequences. In fact, these elucidations are not entirely unexpected, as the relationship between peptide functionality and presentation context has long been acknowledged. 25, 92 Conveying full protein functionality via a system of peptide sequences hinges on a comprehensive understanding of the functional domains, and their corresponding orientations, within a protein of interest. For this reason, whole protein incorporation into tissue engineering scaffolds remains a widely used technique. Heparin is a commonly incorporated biologic, as its incorporation into natural matrices provides additional control over growth factor sequestration without compromising the biocompatibility, injectability, mechanical strength, or degradation of the scaffold. 57 The conjugation of heparin to natural matrices has been shown to improve growth factor bioactivity and release, resulting in enhanced tissue regeneration. 61, 131 Recently, synthetic heparinfunctionalized microparticles have demonstrated the ability to sequester positively charged growth factors at unmatched concentrations and subsequently promote their sustained release. 47 Synthetic elements have been incorporated into natural materials in the form of fibers and particles to aid in growth factor release for several applications. These natural/synthetic hybrid scaffolds can facilitate the sequential release of biologics due to differences in material properties, a strategy which has been employed for the regeneration of tissues including bone, cartilage, and brain. 72, 89, 124 The incorporation of growth factors to augment tissue repair has been used even in instances where the naturally-derived scaffold being delivered has inherent growth factor content. Despite DBM containing several BMPs, its efficacy for bone defect repair is enhanced when delivered in conjunction with BMP. 55, 93 SIS matrix, which contains detectable levels of FGF and VEGF growth factors in addition to its structural protein content, has been functionalized with exogenous amounts of either protein to enhance abdominal wall defect repair. 48, 75, 123, 129 Matrices produced from platelet-rich plasma (PRP) are rich in the host of growth factors, yet have been combined with recombinant proteins including nerve growth factor (NGF) and BMP. 22, 138 PRP scaffolds, consisting of platelet-derived factors (e.g., PDGF, VEGF, transforming growth factor-b (TGF-b), and insulin-like growth factor (IGF)) present at physiological ratios within a fibrin network, are capable of stimulating cell proliferation, ECM production, and angiogenesis.
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This technique of mimicking physiological context for growth factor presentation extends beyond the use of blood-derived biomaterials, prompting strategies which target the capacity of ECM interaction to facilitate factor signaling. Martino et al. capitalized on such potential through the delivery of growth factor variants, engineered via fusion of an HBD with super affinity for ECM proteins, which displayed improved efficacy for the treatment of chronic wound and bone repair (Fig. 3b, c) . 84 Similarly, engineering FGF to contain a collagen-binding domain is shown to promote nerve regeneration. 78 
Cells
The functionalization of natural materials using cellular components has been explored for a variety of applications. This prevalence of investigation is largely attributed to the biochemical and topographic cues present in naturally-derived materials, making them advantageous for cell delivery due to the presence of a pre-existing instructive niche. 86 A substantial portion of this work has capitalized on use of the cell secretome, which can be modulated using genetic engineering. Cells have been genetically modified for growth factor secretion (e.g., BMP, VEGF, and NGF) ex vivo, seeded on or within naturally-derived scaffolds, and subsequently implanted. 21, 37, 49, 108 There is recent interest in the use of genetically modified mesenchymal stem cells (MSCs) to aid in the transplantation of xenogeneic materials. 73 When delivered in the absence of a scaffold, galactosyl epitope knock-out (Gal-KO) pig MSCs attenuated immune response and improved bone regeneration. 68, 106 This strategy could serve to improve the host response to native ECM scaffolds. Allogenic and xenogenic ECM materials, even after decellularization, are capable of eliciting an immune response due to the presence of ECM proteins, which have been shown to stimulate the migration of neutrophils and macrophages. 1, 50, 107 In addition to genetic modification, cellular components have the capacity to augment regeneration via inherent properties. MSCs can enhance biointegration of naturally-derived scaffolds through their immunomodulatory properties. 64, 87 Delivery of MSCs within a fibrin carrier is shown to promote the repair of myocardial, calvarial, and chronic cutaneous wounds. 35, 52, 83, 103 For orthopedic applications alone, the benefit of MSC delivery has been observed in conjunction with a variety of scaffolds including hydrogels, bioceramics, DBM, and allograft tissue. 11, 34, 40 Improved regeneration in MSC delivery studies is often due to their release of trophic factors, rather than differentiation of implanted cells into the tissue type of interest, as the long-term survival of these cells in vivo is generally poor.
2, 16 Cells have also served to augment materials through physical interaction. They can interact with natural scaffolds through the exertion of forces, whereby altering the conformation and composition of surface proteins. 100, 115, 128 CONCLUSION Naturally-derived scaffolds are advantageous for tissue regeneration due to their availability, biocompatibility, and inherent bioactivity. Despite the desirable qualities of natural materials in their raw form, the engineering of such products in order to better control in vivo behavior and enhance therapeutic efficacy remains critical. Measures to manipulate their properties through structural and biofunctional augmentation have been extensively examined. Many strategies, including the addition of synthetic and biologic components, have improved the regenerative capacity of natural materials. The lion's share of this success has been realized for polymeric (i.e., single protein or polysaccharide based) scaffolds. The relative simplicity of these systems, in comparison to more ''black box'' ECM products, has positioned them as natural starting points for characterization and augmentation efforts. While engineering approaches for native ECM scaffolds have been effective, the vast potential of these materials remains untapped, as employed strategies as well as our mechanistic understanding are in their infancy. Looking forward, rapid advancements in fabrication techniques and comprehension of regenerative biology will enable creation of highly efficacious natural material-based regenerative constructs for a wide range of clinical applications. 
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